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Coxiella burnetii is the aetiological agent of Q fever.
LPS is a major factor of virulence of the bacterium,
and therefore studies of its structure ⁄ function
relationship studies are of potential interest. In
virulent phase I, C. burnetii biosynthesises smooth
LPS I with an O-speciﬁc chain, whereas in
avirulent phase II, it synthesises rough LPS II
[1]. Both LPSs were isolated [1] from the C.
burnetii isolates RSA 493, clone 7, and RSA 439,
clone 4, respectively. We investigated an LPS
from the C. burnetii clonal derivative RSA 514
named ‘Crazy’ (Cr), which was isolated from the
placental tissue of a guinea pig infected with the
RSA 493 isolate for 343 days [2]. The major
emphasis was put on the lipid A as no data on
its structure have been available thus far. It has
been recognised recently that variation of the
lipid A domain of LPS serves as one strategy
utilised [3] by Gram-negative bacteria to promote
survival by providing resistance to components of
the innate immune system and helping to evade
recognition by Toll-like receptor 4. Thus, it was of
interest to see if the long-term survival of the
microorganism in the host led to modiﬁcations in
its lipid A in comparison with the known struc-
tures for lipid A from the C. burnetii isolate
Priscilla [4] and also those established most
recently in the LPS I and LPS II (P.V. Vadovic
and R.T. Toman, unpublished results).
The isolate Cr underwent large deletions in
genes predicted to function in LPS or lipooligo-
saccharide biosynthesis [5]. Thus, it was of inter-
est to compare chemical compositions of the lipid
A proximal regions in the LPS Cr and the LPS II
from the isolate RSA 439, which was also shown
to undergo similar deletions [5].
The LPS Cr was isolated by the hot phe-
nol ⁄water method and run on SDS-PAGE. Lipid
A was obtained on mild acid hydrolysis of the
LPS Cr. Sugars were analysed as alditol acetates
and fatty acids were examined directly and after
trimethylsilylation by GC-MS. For its detailed
structure, the lipid A was analysed by MALDI-
TOF- and MALDI-TOF ⁄TOF-MS techniques.
In contrast to the LPS I and LPS II [1], the LPS
Cr gave one band at about 14 kDa on SDS-PAGE.
Sugar analysis revealed the presence of D-man-
nose, D-glucose, D-glycero-D-manno-heptose,
dihydrohydroxystreptose [3-C-(hydroxymethyl)-
L-lyxofuranose], and D-glucosamine (GlcN) in a
molar ratio 3.1:0.1:1.0:1.5:1.2, respectively. No
virenose (6-deoxy-3-C-methyl-D-gulopyranose)
was found in contrast with the LPS I [1]. Analyses
of fatty acids indicated a high degree of hetero-
geneity in their nature and length. From the
hydroxy fatty acids, the most abundant were
3-hydroxyhexa- and pentadecanoic acids, and
from the non-hydroxy fatty acids, hexa- and
pentadecanoic acids were the most prevalent.
The MALDI-MS analyses of lipid A revealed
the presence of clusters of ﬁve diphosphorylated
and ﬁve monophosphorylated singly charged [M-
H]) ions. The ions in both clusters differed one
from another by 14 Da. The tandem mass spec-
trometry (MS ⁄MS) analyses of the selected ions
gave information on fatty acid distribution along
the D-GlcN disaccharide. From the data obtained
we conclude that the major lipid A species
comprises a tetraacyl form that consists of the
b-(1 ﬁ 6)-linked D-GlcN disaccharide backbone
carrying two phosphate groups (Fig. 1). One is
linked to the glycosidic hydroxyl group of GlcN I
and the other is ester-linked to the O-4’ position of
GlcN II. The amide-linked fatty acids are repre-
sented exclusively by 3-hydroxyhexadecanoic
acids located at the N-2 and N-2’ positions and
the ester-linked fatty acids are represented by one
3-hydroxypentadecanoic and one pentadecanoic
acids at the O-3’ and O-3 positions, respectively.
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We also presume that the observed high hetero-
geneity of lipid A is due to the fatty acid length
variations at the O-3 and O-3’ positions. This was
clearly seen in both MS and MS ⁄MS spectra.
It is evident that structural features of the
investigated lipid A (Fig. 1) resemble those found
[4] for lipid A from the C. burnetii isolate Priscilla,
and also those established most recently for lipids
A present in the LPS I and LPS II [PV Vadovic and
RT Toman, unpublished results]. All these lipids
A exhibited low endotoxic activity. It appears that
the lipid A represents the most conserved region
also in the LPSs of C. burnetii isolates.
In conclusion, the investigation of lipid A
revealed no substantial structural modiﬁcations
when compared with lipids A of other C. burnetii
isolates despite the long-term survival of the
microorganism in the host. The lipid A proximal
region of the LPS Cr is more complex in chemical
composition than that of the LPS II despite the
fact that chromosomal deletions in the RSA 514
isolate were larger, extending on both ends
beyond the RSA 439 isolate deletion junctions
[5]. The reason for this discrepancy is unknown at
present.
ACKNOWLEDGEMENTS
This research was supported in part by the grant
VEGA, No. 2 ⁄ 6044 ⁄ 27, Slovak Republic.
REFERENCES
1. Toman R. Lipopolysaccharides from virulent and low-vir-
ulent phases of Coxiella burnetii. In: Raoult D, Brouqui P,
eds, Rickettsiae and Rickettsial Diseases at the Turn of the Third
Millenium. Paris: Elsevier, 1999; 84.
2. Hackstadt T, Peacock MG, Hitchcock PJ et al. Lipopolysac-
charide variation in Coxiella burnetii: Intrastrain heteroge-
neity in structure and antigenicity. Infect Immun 1985; 48:
359–365.
3. Alexander C, Rietschel ET. Bacterial lipopolysaccharides
and innate immunity. J Endotoxin Res 2001; 7: 167–202.
4. Toman R, Garidel P, Andra J et al. Physicochemical char-
acterization of the endotoxins from Coxiella burnetii strain
Priscilla in relation to their bioactivities. BMC Biochem 2004;
http://www.biomedcentral.com/1471-2191/5/1. Accessed
12 Nov 2008.
5. Hoover TA, Culp DW, Vodkin MH et al. Chromosomal
DNA deletions explain phenotypic characteristics of two
antigenic variants, phase II and RSA 514 (Crazy), of the
Coxiella burnetii Nine Mile strain. Infect Immun 2002; 70:
6726–6733.
O
NH
O
OH O
O
ONH
OH
O
OH
P
O
OH
OH O
X
O
O
X
O
OH
P
O
OH
OH
O
OH
X = C14-C16 
1616
GlcN IGlcN II
Fig. 1. Structural features of lipid A from the LPS of
Coxiella burnetii isolate RSA 514 (Crazy). X is the length of
the acyl fatty acid chain.
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